ABSTRACT This study summarises historical surveillance data collected from 1977 to 1982 and the results of a field study conducted thereafter in a dipterex packing workshop. The findings suggest that both airborne dipterex and dermal contamination contribute to the inhibition of blood cholinisterase (ChE) and that cases of poisoning in hot seasons can be attributed mainly to dermal absorption. At a level of 05 mg/m3, dipterex is shown to lead to a mild but appreciable inhibition of ChE activity. The results also indicate that blood ChE monitoring was sensitive both for long term and short term exposed workers. As a result, the recommendation that the maximum allowable concentration for airborne exposure to dipterex be revised to 05 mg/m3, can be regarded at providing only for relative safety.
Dipterex (trichlorifon), one of the common organophosphorous insecticides, has been widely used for about 30 years. In the past decade field studies have been directed at exploring any chronic effects and verifying the present maximum allowable concentration (MAC).1-4 Previous work performed by this group suggested that chronic toxic effects on worker's health exist below the present MAC
(1 mg/m3), and therefore a lowering to 0 5 mg/m3 was recommended.4 Since such a recommendation needs support from studies in which workers experience different exposure concentrations, we conducted the present study in the dipterex packing workshop, Shanghai pesticide factory, in which average air concentrations historically were around the MAC. This plant offered a suitable site for further study of the recommended revision in the value for the MAC as well as study of the toxicity of dipterex at low exposure concentrations.
Subjects
The packing process in the workshop includes five steps: (1) bottle setting, (2) bottle filling, (3) boxing, (4) box removal, and (5) final packing for shipment.
At each of the first three processes there is one worker whereas for the latter two processes there are two and three workers, respectively. There is an additional worker for each shift who monitors the daily transfer of a certain proportion of dipterex to a nearby dichlorvos production process. One final worker is employed in a connected room labelling the bottles before their being sent to step 1. Workers in steps one to four and for dipterex transfer were divided into three work shifts and rotated jobs daily in the sequence of the working process. Job five and the labeller worked only one shift. Beginning in 1984, job rotation was greatly reduced and included rotation only between jobs one and three and between jobs two and four.
Shift workers were studied for five consecutive three month seasons. For most, the recent pattern has been a cycle of employment in dipterex packing for only three months. This period has been separated by three to six months of employment in other work in the nearby community before being re-employed in packing dipterex. Four of the workers were permanently employed throughout the study period. With intervals of three to six months between employment periods, workers' blood cholinesterase (ChE) activity returns to normal values well before reemployment.34 Therefore, it was considered that tests on each subject employed on a three month intermittent cycle could be treated as an independent observation even though several -subjects were reemployed.
Each seasonal work group has 22 workers. Although an effort was made to obtain blood samples from workers both before the three month season as 414 group.bmj.com on September 29, 2017 -Published by http://oem.bmj.com/ Downloaded from Toxicity of dipterex: afield study well as at the end of the season, we failed to follow up a few workers when they were unwilling to be sampled. The last season studied followed a two month irregular production and two month shut down so that both temporary and permanent workers were combined for this survey lasting only two months.
Before this study period high market demand had resulted in a different employment pattern. For example, most workers had worked without three month intermissions for the two years from 1977 to 1979. These continuously employed workers were monitored regularly every three months during those years.
Methods
The study took advantage of both the summary of historical surveillance data collected in the period from 1977 to 1982 as well as the exposures collected for the study period 1983-4.
The routine surveillance methods used included:
(1) conducting 20 minute environmental air sampling at different working sites to estimate the average air concentration; and (2) collecting blood samples to measure blood ChE activity both before and after the three month employment cycle.
In addition to the routine surveillance, further work was undertaken for this study:
(1) measuring dermal contamination using a skin weighted measurement (see appendix); Although the higher air concentrations were measured in the first and fourth quarters, the cases of poisoning were observed only in the second and third quarters and most cases of suspected poisoning were also observed in these two quarters. The incidence rates of poisoning plus suspected poisoning by quarter showed a statistically significant difference (X2 = 43-04, p < 0-001). Table 3 presents the comparison of blood ChE values for subjects according to duration of continuous exposure. Despite the fact that longer term workers had higher historical air exposures, no significant differences in blood ChE activity were found in any of three categories. During the study period the average air concen- Table 8 presents the average air concentrations of trations were near or below 10 mg/m3. The blood dipterex at the different work stations and the estiChE activity of the study groups was consistently sta-mated eight hour time weighted average exposures for tistically significantly inhibited three months after workers during the final two month cycle. It must be employment as compared with their baseline (pre-remembered that limited job rotation occurred during exposure) (table 4) . EEG examinations of packers this final exposure season. Table 8 also presents the who were seen both before and after exposure showed estimated dermal contamination of packers at the no significant increase in the percentage of total different work stations. Both the average air concenabnormalities (table 5) .
trations and the estimated time weighted average con- Tables 6 and 7 show partial and multiple centrations were below the official MAC and near the correlation coefficients between the results of air recommended revision value. At these exposure sampling and the health variables. The strongest cor-levels, blood ChE activity was mildly inhibited in relations were found between air concentration and most of the packers after exposure for one month and inhibition of blood ChE value and between inhibition from mildly to moderately inhibited in all packers of ChE activity and abnormality of EEG but none of after exposure for two months (figure) (F = 26-7, p < the correlations was significant at the 5% level.
.0 1). Table 9 shows the partial and multiple correlation coefficients between different variables for this final two month period. None of the partial correlation coefficients was statistically significant but the multiple correlation coefficients were consistently significant, indicating the likely importance of absorption from both the respiratory tract and from dermal contamination.
Discussion
Studying the main route of absorption of a chemical is an important aspect in the role of preventing an occupational hazard. In addition to chemical properties many other factors, such as the variation in working conditions at different workplaces, can influence absorption. In this study analysis using partial and multiple correlation coefficients suggested that both the time weighted average air concentrations and dermal contamination contributed positively to the inhibition of blood ChE activity (r = 0-573, p < 0-05; r = 0-599, p < 0-05). Furthermore, the evaluation of historical surveillance data showed that, whereas air concentrations in the first and fourth seasons were 418 higher, cases of poisoning were observed only in the second and third seasons (the warmer seasons). This suggested that dermal absorption was the major route in the case of poisoning in the warmer seasons, when many factors would facilitate dermal absorption, such as a larger exposed surface area, higher dermal temperature, and increased sweating. Therefore, dermal contamination must be considered in the evaluation of exposure levels.
Determination of blood ChE activity has been regarded as an objective index for evaluating the health status of workers exposed to organophosphorous pesticides. It is also a measure that integrates exposure by different routes. If a pesticide has the potential for multiple routes of entry measuring air concentrations alone will almost always underestimate the real exposure concentrations. Therefore, quantifying the blood ChE activity of exposed workers can reflect the effective exposure levels regardless of route of entry. Using this approach, the present study showed that no significant differences in blood ChE activity were present between the long term and short term packers (table 3) . Some local health authorities have suggested that, with continued exposure, blood ChE becomes refractory to further change. These data suggest that monitoring blood ChE is sufficiently sensitive for both long term and short term exposed workers.
There has also been some controversy concerning the practical value of the EEG in evaluating chronic toxic effects of organophosphorous pesticides on the nervous system49 (Beijing Chaoyang Hospital 1972 , and Jiangshu Province Collaboration Committee, and Experimental Institute of Zhejiang People 's Health, unpublished data, 1974) . Some have shown excessive abnormalities of EEG in exposed workers, others have not. This difference might result from a variation in exposure concentrations, duration of exposure, and different diagnostic criteria. In the present study the workers primarily experienced intermittent chronic exposure (total duration of actual exposure varied from three months to ten years). When subjects were taken as their own control, no significant differences were found when comparing pre-exposure and postexposure EEG abnormality rates over a three month interval. Furthermore, there was no significant correlation between the inhibition of blood ChE activity and EEG changes. It seems that dipterex has no short term neurological effects detectable in intermittently exposed workers at these exposure concentrations. One thing worth mentioning, however, is that two of the three permanently employed packers showed abnormal EEGs. If work related these abnormalities may result from previous exposure to higher levels of dipterex, since slow recovery of EEG changes has been shown.4 Further EEG Hu, Lu, Xue, Ling, and Gu examination is still indicated to monitor long term exposed workers.
The findings of this study are not inconsistent with those of the earlier field study,4 which concluded that inhalation was the principal entrance route for dipterex. The different conclusions may be accounted for primarily by the higher air concentration in the previous report (several times greater than the MAC). In addition, the study was limited to the cold seasons when relatively little dermal exposure occurred. Finally, the earlier study lacked as complete an evaluation of the way in which dermal contamination may contribute to measured health effects. Under the conditions reported here, with lower air concentrations and increased opportunity for dermal contamination, it is reasonable to believe that dermal absorption plays an important part in the depression of blood ChE activity.
Although the blood ChE effects reported here, no doubt, are the consequence of dipterex exposure, they do not alone indicate a toxic response'0 but reflect a depletion in the body's reserve potential for organophosphate detoxification. " Considering the fact that the inhibition of blood ChE here is partly attributed to dermal absorption, we conclude that the proposed reduction in MAC value (0 5 mg/m3) may only be regarded as relatively safe. We thank Dr David H Wegman, director of the Department of Environmental and Occupational Health Sciences, School of Public Health, UCLA, for his critical review of this manuscript. We also thank our faculty member Dr Ruiwen Zhang for his work in design of the dermal contamination methods and Dr Juxiang Huang and Rejiou Pan from the Toxicological Laboratory, Shangai Pesticide Factory, for their help in the field study.
